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INFLUENZA A virus (IAV) (family Orthomyxoviridae) is a highly 
infectious respiratory pathogen of birds and mammals, including 
human beings and horses (Palese and Shaw 2007). The virus is clas-
sified into different subtypes based on the antigenic properties of the 
haemagglutinin (HA) and neuraminidase (NA) proteins. Sixteen HA 
subtypes (H1 to H16) and nine NA subtypes (N1 to N9) have been 
identified (Fouchier and others 2005). Two subtypes, H3N8 and 
H7N7, have been isolated from horses. The H7N7 subtype was first 
isolated from a horse in Czechoslovakia in 1956 (Prague/56) (Sovinova 
and others 1958), and the H3N8 subtype was first isolated from a 
horse in Miami, USA, in 1963 (Waddell and others 1963). The H7N7 
subtype has not been isolated from horses for three decades and is 
presumed to be extinct (Webster 1993). The H3N8 subtype is cur-
rently a common cause of disease in horses worldwide. In horses, 
influenza is characterised by an abrupt onset of pyrexia, depression, 
coughing and nasal discharge, and is often complicated by secondary 
bacteria infections that can lead to pneumonia and death (Hannant 
and Mumford 1996). Although H3N8 is a major cause of morbidity 
in horses throughout the world, information on the seroprevalence of 
IAV in horses and other domestic animals in Mexico is limited.
West Nile virus (WNV) (family Flaviviridae) is maintained in 
nature in an enzootic transmission cycle that primarily involves mos-
quitoes and birds (Hayes and others 2005, Blitvich 2008). Human 
beings and horses are incidental hosts in the natural transmission 
cycle.The clinical signs of infection include fever, aseptic meningitis 
and/or encephalitis. WNV has been responsible for over 29,000 cases 
of human illness and at least 26,000 cases of equine encephalitis in the 
USA in the past decade. Surprisingly, however, there have been few 
reports of WNV-associated illness in Latin America, despite serologi-
cal evidence of widespread WNV activity in this region (Komar and 
Clark 2006, Blitvich 2008). Antibodies to WNV have previously been 
detected in asymptomatic vertebrate animals in the Yucatán Peninsula 
of Mexico (Farfan-Ale and others 2004, 2006, Loroño-Pino and oth-
ers 2003). The reasons for the low incidence of WNV-associated ill-
ness in vertebrates in Mexico and elsewhere in Latin America are not 
known.
Because the impact of IAV and WNV on the health of horses in 
Mexico is poorly understood, a serological investigation was under-
taken to obtain information on the seroprevalence of these viruses in 
domesticated animals in the Yucatán Peninsula of Mexico. Samples 
of serum were collected from 266 animals (186 horses, 38 sheep, 37 
chickens and five turkeys) at 26 study sites, all on privately owned 
ranches or farms, between September 2007 and October 2008. The 
study sites were located in six municipalities, five of which (Panaba, 
Tizimin, Sucila and Tzucacab) are in Yucatán State and one (Jose 
Maria Morelos) in Quintana Roo State (Fig 1). The horses were from 
the municipalities of Panaba, Tizimin, Sucila and Jose Maria Morelos. 
The sheep and chickens were from Merida, and the turkeys were from 
Tzucacab. None of the animals had ever been outside the Yucatán 
Peninsula, and none had been vaccinated against IAV or WNV. All of 
the animals were regularly monitored (usually daily) by their keepers 
for signs of illness. Six horses were showing clinical signs at the time 
of serum collection (Table 1).
The serum samples were tested for antibodies to IAV and WNV 
by an epitope-blocking ELISA (bELISA). The protocol for the WNV-
specific bELISA has been described previously by Blitvich and others 
(2003). The IAV-specific bELISA utilises the IAV nucleoprotein-specif-
ic monoclonal antibody clone A1 (Millipore), and recombinant IAV 
nucleoprotein (Imgenex) (Sullivan and others 2009). The IAV nucleo-
protein is well conserved (Gorman and others 1990) and the bELISA 
can therefore detect antibodies to all IAV subtypes. A subset of sera 
positive for antibodies to IAV by bELISA was further tested by the 
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FIG 1: Geographical location of (a) the Yucatán peninsula and  
(b) the study sites
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haemagglutination inhibition (HI) test and neuraminidase inhibition 
(NI) tests at the National Veterinary Service Laboratories (NVSL) in 
Ames, Iowa, USA. HI tests were performed using the influenza refer-
ence strains A/equine/Kentucky/1/81 (H3N8), A/ equine/Miami/1/63 
(H3N8) and A/equine/Prague/1/56 (H7N7). NI tests were performed 
using standard reference reagents for N1 to N7 and N9, and N8 equine/
Miami/63 reference reagent.
Forty-seven (25 per cent) of the 186 horses sampled had evidence 
of IAV-specific antibody by bELISA. Ten serum samples with bELISA 
antibodies to IAV were examined by the HI and NI tests, and all had 
antibodies to the H3N8 subtype. The HI antibody titres were at least 
fourfold higher to the Kentucky/81 strain than to the Miami/63 strain. 
Twenty-one of the seropositive horses were from the municipality of 
Panaba, and 26 were from Tizimin (Table 2). The seroprevalence was 
higher (41 per cent) in Tizimin. Three seropositive horses (horses 4, 
5 and 6; Table 1) were symptomatic at the time of serum collection, 
although none had signs typically associated with IAV infections, such 
as nasal discharge or coughing. The youngest seropositive horse was a 
two-year-old filly sampled in Tizimin in September 2008, suggesting 
that the most recent IAV infection had occurred during or after 2006. 
No antibodies to IAV were detected in the sheep, chickens or turkeys.
Twenty-eight (15 per cent) of the 186 horses had antibodies to 
WNV by bELISA: 18 from Panaba, nine from Tizimin and one from 
Sucila (Table 2). Of the municipalities in which more than 10 horses 
were sampled (Panaba and Tizimin), the rate of seropositivity was 
higher (17 per cent) in Panaba. All of the horses that were seropositive 
for WNV were asymptomatic at the time of sampling, and none had 
a history of WNV-like illness. The youngest seropositive horse was an 
18-month-old filly sampled in Tizimin in October 2007, suggesting 
that the most recent WNV infection had occurred in or after 2006.
Thirteen (7 per cent) of the horses had antibodies to both IAV and 
WNV. Of these, seven were from Tizimin and six were from Panaba. 
Antibodies to WNV were detected in four chickens and five turkeys; 
all the sheep were negative for antibodies to WNV.
Two of the horses (horses 1 and 4) that showed neurological signs 
at the time of sample collection subsequently died. Cerebellar tis-
sue was taken from horse 4 and tested by RT-PCR using flavivirus-, 
alphavirus- and rabies virus-specific primers, and by virus isolation in 
African green monkey kidney (Vero) cells. The specimen was nega-
tive in all tests (data not shown). A tissue sample was not obtained 
from horse 1 because of late notification of its death.
In summary, antibodies to IAV and WNV were detected in hors-
es in the Yucatán Peninsula of Mexico. The seroprevalence for IAV 
in horses sampled in this study was reasonably high (25 per cent). 
Similar rates of seropositivity have been reported in other studies per-
formed in regions where horses are not routinely vaccinated against 
IAV (Ataseven and Daly 2007). The seroprevalence for WNV in 
horses in the present study was 15 per cent. None of the seropositive 
horses had signs of WNV-like illness before or at the time of serum 
collection. These observations are similar to those reported in other 
studies of WNV in tropical regions (Dupuis and others 2003, Komar 
and others 2003, Farfan-Ale and others 2006, Morales-Betoulle and 
others 2006).
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TABLE 1: Details of horses that displayed signs of illness at the 
time of serum collection
Horse
Sampling 
date Study site Town/city Municipality Clinical signs
1 08/2007 La Guajira Chankeken Tizimin Facial paralysis, 
encephalitis, then 
death
2 09/2007 La Central Loche Panaba Fever, lethargy, 
depression
3 11/2007 San Jose Yaxchenku Tizimin Lethargy
4 09/2008 Santa Martha Panhatoro Tizimin Fever, ataxia, then 
death
5 09/2008 Santa Martha Panhatoro Tizimin Posterior ataxia
6 09/2008 Santa Martha Panhatoro Tizimin Posterior ataxia
TABLE 2: Seroprevalence of influenza A virus (IAV) and West 
Nile virus (WNV) in horses in four municipalities of the Yucatán 
Peninsula, Mexico
Municipality
Number of horses 
sampled
Number (%) seropositive for
IAV WNV IAV and WNV
Jose Maria Morelos  11 – – –
Panaba 109 21 (19) 18 (17)  6 (6)
Sucila   2 –  1 (50) –
Tizimin  64 26 (41)  9 (14)   7 (11)
Total 186 47 (25) 28 (15) 13 (7)
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